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resolution oxygen and carbon of part of a uniform dialneter stalagmite from a cave in northern Tasmania have been
the climatic transitionfrom stadial to interstadial conditions during the Last Glacial (109-95 ka). A significant
values suggests that temperature warmed rapidly by approximately 2°_3°C between 100 and 97 ka. A decrease in carbon
values between 101 and 98 ka indicates that moisture availability was slightly in advance temperature.
Words: stable analysis, climatic change, Last Glacial, Tasmania, Australia.
INTRODUCTION
The aim of this study was to produce a high resolution
record of the the stable isotope composition (180/ 160 and
of the basal 600 mm of a 1420 mm tall, uniform
diameter calcite stalagmite (LT) from Little Trimmer Cave
in the Mole Creek karst region, northern Tasmania
(146°14'4"£,41 °34'21 "5). The site is at an altitude of 460
m (fig. 1). A low resolution study had been done previously
(Goede et al. 1986) but did not include interpretation of the
basal 400 mm because ofdoubts that deposition had occurred
under conditions of isotopic equilibrium. These doubts
have been resolved by the present study (Oesmarchelier
1994).
Uniform diameter stalagmites, when examined in
longitudinal section, consist of a central core where vertical
accretion takes place on a subhorizontal surface, producing
a sequence ofconvex upward layers surrounded by a narrow
mantle formed by discontinuous deposition on a near-
vertical outer surface (Goede 1994). Sampling was done at
5 mm intervals along the centre of the axis, using a dental
drill with a 1.6 mm bit. In addition, in order to confirm
conditions of isotopic equilibrium, seven samples were
drilled from each of eight growth layers (Hendy & Wilson
1968) but, following Talma & Vogel (1992), sampling was
restricted to the upper subhorizontal portion ofeach growth
layer. Advances in sensitivity and automation of stable
isotope mass spectrometers since the previous study of
Goede et al. (1986) have enabled us to analyse a large
number of samples with a much higher degree of measure-
ment precision, while using much smaller quantities of
calcite.
OF STABLENATU
Age determination of the speleothem (LT) is based on alpha
particle analysis of seven samples spaced along its length.
Four of these fall within the lowest 400 mm (fig. 2). Full
analytical details are provided in Goede et al. (1986). The
time scale used has been determined by linear regression
analysis of heights above base against radiometric age
estimates of all seven samples (r = 0.98). This technique
minimises the random error: involved in individual age
determinations (Goede & Harmon 1983). The regression
line indicates a growth rate of approximately 43 mm/ka.
Samples at 5 mm intervals represent time intervals of
approximately 116 years.
GEOCHRONOLOGY
Measurement ofvariations in the isotopic ratios of 180/ 160
and 13C/12C allows investigation ofaspects ofenvironmen tal
conditions. Measurements are expressed as per mil (0/00)
using the delta (8) notation relative to the rOB (Peedee
Belemnite) standard. The following subscripts are used
throughout the text: w water, c calcite, p - precipitation
and sw - seawater.
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FIG. 1 - Map showing location ofLittle Trimmer Cave.
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FIG. 3 Scattergram of 119 8180 and 813C values of
samples taken from the long axis of the L T stalagmite. The
regression line is shown.
400 mm was not interpreted as a palaeotemperature record,
because of doubts about equilibrium deposition. The results
of isotopic analyses done in the previous study are given in
figure 4. The present-day isotopic composition ofspeleothem
material was determined by multiple analyses of calcite
removed from two plastic funnels used to collect dripwater
during 1979. The values obtained were 8180 = -3.75 and
813C -12.210/00 POB.
In an earlier paper dealing with the LT stalagmite, palaeo-
temperature estimates were obtained by measuring BOw
values of fluid inclusions (Goede et al. 1986). The relation-
ship between BOp and 8180 pestablished by monthly sampl-
ing for one year near the cave entrance was used to estimate
corresponding values of 8180 w a.t the time of deposition of
the stalagmite. These values, in turn, were used to calculate
palaeotemperatures. The problem with this approach is
that it does not give a unique outcome, since the intercept
PREVIOUS ANALYSIS
TESTS FOR ISOTOPIC EQUILIBRIUM
Seasonal variation in the isotopic cOmpOSitiOn of
precipitation will not affect seepage waters because soil
water is homogenised, causing cave drip water to maintain
a near-constant isotopic composition. Goede & Hitchman
(1984) and Goede et al. (1986, 1990) have shown that, in
Tasmania, the isotopic composition at present is best related
to the weighted mean value of winter precipitation. This
implies that summer precipitation in Tasmania does not
contribute significantly to the supply of seepage water.
Therefore, the 8180 values of contemporary Tasmanian
speleothems reflect predominantly changes in winter
temperatures rather than mean annual temperatures (Goede
1994). This may not always have been true in the past
under conditions of wetter and cooler summers.
Variations in 813C values in speleothems, unlike 8180
values, are not related to palaeotemperature. Values are
either unrelated or only weakly correlated with the oxygen
isotope values. Secular variations in carbon isotope values
indicate that they contain palaeoenvironmental information
but, until recently, interpretation has been contentious. In
recent years, research relevant to this problem has been
done not only on speleothems (Brooke et al. 1990, Dorale
et al. 1992, Talma & Vogel 1992) but has also included
studies of soil carbonates (Cerling et al.1989, Quade &
Cerling 1990, Quade, Cerling & Bowman 1989a, b) as
well as sub-aqueous wall crust in a karst spring (Coplen et
al.1994).
The relevant literature is discussed by Goede et al. (in
press), who conclude that, in temperate environments,
changes in 813C over time reflect predominantly temporal
changes in plant activity, with a minor influence due to
natural changes in the isotopic composition of CO2, at
least until the beginning of the industrial revolution
(Baskaran & Krishnamurthy 1993, Marino et al. 1992).
Carbon isotope values are also affected slightly by the
composition of the limestone, but this effect is assumed to
remain constant during the growth period of a stalagmite.
In cool temperate climates, such as are found in Tasmania,
plant activity is likely to be controlled by temporal variations
in summer insolation and moisture availability.
The first test suggested by Hendy & Wilson (1968) involves
the degree of positive correlation between 8180 and 813C
values of samples taken along the longitudinal axis. A weak
but statistically significant negative correlation was found
(r =-0.40, n = 119, P < 0.001), confirming deposition under
conditions of isotopic equilibrium (fig. 3).
The second test involves examination of sets of seven
samples from each of eight growth layers. The position of
the samples is illustrated in figure 2. These sets show no
significant correlation beween paired 8180 and 813C values,
with one exception where the changes are relatively small.
Overall the evidence is strongly in favour of deposition
under isotopic equilibrium conditions.
The stalagmite was analysed previously by Goede et (d.
(1986) who used a 5 mm masonry drill to sample at inter-
vals of 45 mm. Three growth layers were also sampled to
establish deposition under equilibrium conditions. The basal
Age (ka)
FIG. 4 Temporal variations in the values of 8180 and
813C obtained by interval sampling ofthe whole ofthe Little
Trimmer stalagmite in an earlier study (Goede et al. 1986).
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The high resolution isotope record of the basal 600 mm
of the LT stalagmite provides a detailed record of local
mean winter temperature change for a period corresponding
to the transition from marine isotope sub-stage 5d to 5c. It
indicates a warming of some 2°C in two phases over a
period of some 5000 years, with most of the warming
taking place between 100 and 98 ka. The record compares
well with that from the Vostok core, if allowance is made
for minor discrepancies in age determination. The major
difference between the two is that the Vostok record
indicates a mean annual temperature rise of4°C, with most
of it taking place during the first warming phase.
The difference between the two records may be due to
the likelihood that thL LT speleothem reflects pre-
dominantly changes in mean winter temperature, while the
Vostok record provides a proxy for mean annual tem-
perature. This is supported by the fact that winter insolation
at 30°5 during this time is declining rapidly, with mid-
month insolation for June reaching 199 W/m2 at 95 ka
(Berger & Loutre 1991).
The carbon isotope record at this stage does not support
evidence from two other speleothem records from Tasmania
and Victoria, that isotopically light carbon isotope values
tend to coincide with summer radiation minima. Uranium
series MS dating will be required to clarify the relationship.
The (513C values reached a peak at about 101 ka, indicating
a low level of plant activity. They then fell rapidly to a
-6.0
FIG. 8 - Temporal variations in the carbon isotope values
compared with fluctuations in solar radiation received for
December at 30°5 (Berger & Loutre 1991).
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In order to test the hypothesis that strongly
values of (513C tend to coincide with summer ...., ..
J.lJ.lJ.l.l.l.J.lU, the (513C values for the LT stalagmite have been
plotted on the same time scale as the solar radiation curve
for 30°5 (fig. 8). Agreement between the two curves is
poor, but this may be due to the limited accuracy and
precision of the early alpha spectrometry dates on which
the age scale is based (Goede et al. 1986). Until such time
as more precise mass spectrometric uranium series dates
can be obtained, the hypothesis cannot be adequately tested.
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